This prospective study evaluated the shortterm outcomes of 16 neonates undergoing single congenital omphalocele repair. Parents made informed choices for their baby to receive either immediate repair (IR group, n = 8) or repair ≥ 3 h after delivery (control group, n = 8). All babies were delivered by elective caesarian section. Babies in the two groups were matched one-to-one according to their birth weight, bulging volume and gestational age. Shortterm outcomes included the incidence of infection and the lengths of stay in the neonatal intensive care unit (NICU) and in the hospital. Compared with the control group, the IR group showed a significantly lower incidence of infection, shorter surgical duration, shorter NICU stay, less time on total parenteral nutrition, less time to total enteral nutrition and shorter length of hospital stay. Immediate repair significantly improved the short-term neonatal outcomes of congenital omphalocele in China.
Introduction
Fetal anterior abdominal wall defects encompass a spectrum of fetal anomalies including omphalocele, gastroschisis, body stalk anomaly, bladder exstrophy and cloacal exstrophy. 1 Omphalocele is a defect of the anterior abdominal wall that develops in utero and causes prolapse of the organs. It has an incidence of 15.2 cases per 100 000 live births in China 2 and 17 per 100 000 live births in Europe. 3, 4 Without effective treatment and timely management, the mortality rate associated with omphalocele in China is about 80 -90%. 2 In developed countries, such as the UK and USA, definite prenatal diagnosis, accurate intrapartum treatment and timely postnatal care by specialists has improved the outcome of neonates with isolated omphalocele, 5 − 8 and the mortality rate is in the range of 12 -29%. 4 − 13 In contrast, the mortality rate in China has remained at about 51%. 2 Surgical therapy as soon as possible after birth may be one of the keys to improving outcomes in China. 11, 14, 15 Surgical therapy within the first few minutes after delivery is termed immediate repair (IR) and has only recently been introduced and practiced in China; the Q Na, C Liu, H Cui et al. Omphalocele: immediate versus delayed repair technique was first introduced to Shengjing Hospital in August 2008 and is one of the few hospitals to have attempted IR in China. The present study analysed the benefits of IR in treating congenital omphalocele in Chinese patients by evaluating the short-term outcomes of neonates with this condition.
Patients and methods

PATIENTS, STUDY DESIGN AND DIAGNOSIS
This prospective study evaluated the shortterm outcomes of neonates treated for isolated omphalocele at the Department of Obstetrics and Gynaecology, Shengjing Hospital, Shenyang, China, between August 2008 and July 2011. All consecutive pregnant mothers attending the hospital during the study period were sequentially reviewed to determine those whose pregnancy showed signs of omphalocele. The study was approved by the Ethics Committee of China Medical University, Shenyang and all parents of the neonates provided written informed consent to take part in the study.
Obstetricians obtained an accurate prenatal diagnosis of the omphalocele in all cases and were able to exclude other anomalies (including karyotypic abnormalities). Bowel dilatation, thickness, motility, amniotic fluid volume and fetal development were followed by ultrasound every 4 weeks prior to delivery. Predictive criteria of outcomes, such as the size and contents of the omphalocele, were evaluated. Based on the prenatal data, obstetricians organized a multidisciplinary team to recommend a reasonable treatment plan and to schedule the time of delivery for each case. Parents received full information about the choices available to them -either IR (IR group) or traditional repair a few hours after birth (control group) -and then selected the therapy they wanted their child to receive. All babies were delivered by scheduled caesarian section.
SURGICAL INTERVENTIONS
For neonates assigned to the IR group, the defect was repaired at once. Immediately after delivery, the neonate was intubated through the trachea, received a nasogastric tube and was provided with general anaesthesia -inhalation anaesthesia with 5% sevoflurane. The umbilical cord was cut and the neonate was taken to another sterile operating table. Temperature, heartbeat, blood pressure and oxygen saturation of the neonate were monitored continuously. A rectal examination was performed to evacuate as much meconium as possible to reduce the volume of the eviscerated organs. At that point, usually < 10 min after birth, the surgical area was prepared and surgery on the neonate began.
Neonates in the control group underwent defect repair ≥ 3 h after delivery. After birth, they were taken to another sterile operating table in the delivery room where they waited for repair. During the period from birth to repair, patients were managed by standard means, including the provision of prophylactic antibiotics and gastrointestinal decompression with a nasogastric tube. The omphalocele was covered with sterile plastic as soon as possible after birth. The surgical procedure for omphalocele repair in the control group was the same for the IR group.
POSTOPERATIVE CARE
Postoperative care for the neonates in both the IR and the control groups was provided by a consistent, specialized team that had no knowledge of the study design. A specially assigned neonatologist, also without knowledge of the study design, judged the short-term neonatal outcomes. Data were Q Na, C Liu, H Cui et al. Omphalocele: immediate versus delayed repair collected on gestational age, birth weight, type of defect, bulging volume, complications, presence of associated anomalies, duration of surgery, length of stay in the neonatal intensive care unit (NICU), time of total parenteral nutrition, time to total enteral nutrition, presence of infection, length of stay in hospital and survival.
STATISTICAL ANALYSES
Statistical analyses were completed using Microsoft ® Office Excel 2007 (Microsoft Corp., Redmond, WA, USA) and the SPSS ® statistical package, version 16.0 (SPSS Inc., Chicago, IL, USA) for Windows ® . The data were summarized using mean ± SD. A power calculation was carried out to determine the number of patients needed to detect a statistical difference. For a type II error of β = 0.2 and type I error of α = 0.05, the minimum number of neonates per group was required to be seven. Short-term outcomes were analysed with the paired sample t-test, Fisher's exact test and the Wilcoxon signed-rank test as appropriate. A value of P < 0.05 was considered to be statistically significant.
Results
A total of 16 neonates with omphalocele were included in the study; eight underwent IR (IR group) and eight underwent repair ≥ 3 h after birth (control group). The diagnosis of congenital omphalocele was made by antenatal ultrasound in all 16 cases. No family history of anterior abdominal wall defects or other major anomalies were found in any of the patients. The two treatment groups were matched one-to-one according to several clinical characteristics and the pairing is shown in 
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Q Na, C Liu, H Cui et al. Omphalocele: immediate versus delayed repair cm) and the mean bulging volume of the omphalocele was 216.62 cm 3 (range 30 -378 cm 3 ). Gestational age, birth weight and mean bulging volume were not statistically different between the two groups. Time from birth to repair was statistically different between the two groups (P < 0.001; Table 2 ).
There were five neonates in the control group whose treatment was complicated by infection. They presented with fever, intraabdominal infection, surgical wound suppuration and septicaemia. Among these five patients, two (controls 1 and 2) died of sepsis caused by Escherichia coli septicaemia within 12 h of the surgical repair. None of the eight cases in the IR group were complicated by infection and all survived. There was a significant difference in the incidence of infection between the two groups (P = 0.026) but there was no significant difference in the death rate between the two groups ( Table 3) .
The short-term outcomes for each of the eight matched pairs of neonates are shown in Table 4 . The IR group showed a significantly shorter duration of surgery (P = 0.004), a shorter stay in the NICU (P = 0.002), a shorter time on total parenteral nutrition (P = 0.002), a shorter time to total enteral nutrition (P = 0.002) and a shorter length of hospital stay (P = 0.002) ( Table 5 ).
Discussion
Omphalocele is a defect of the anterior abdominal wall that develops in utero and causes prolapse of the organs. Unlike gastroschisis, the prolapsed organs are always covered in a protective membrane. 6 In the past 30 years, clinicians have attempted to repair congenital abdominal wall defects as early as possible, even in the delivery room. In 1993, Blessed et al. 15 and Coughlin et al. 16 reported improved recovery of congenital abdominal wall defects that were repaired in the delivery room compared with defects repaired after transfer to a children's hospital for urgent repair. Accumulated evidence suggests that IR may be important in improving outcomes in infants born with these defects. 8, 14, 15 Recovery rates from omphalocele are 71% and 88%, respectively, in the UK and the USA. 4 − 13 Previous studies in the UK and the USA have reported that the benefits of IR include shortened duration of surgery and increased rate of primary repair, but no shortening of time on total parenteral nutrition, time to total enteral nutrition, or length of NICU or hospital stay. 6, 17 In China, the overall incidence of omphalocele is 15.2 per 100 000 live births (similar to the incidence in the UK and the USA), and its overall perinatal mortality rate is approximately 51%. 2 This low rate of recovery in China may be due to the lack of popularity of advanced therapy, such as IR, or because many parents whose fetus is diagnosed prenatally with an omphalocele choose to terminate the pregnancy before 28 weeks' gestation. Many parents whose babies are diagnosed with an omphalocele after birth refuse to allow them to be treated, which results in poor prognosis. All parents in the present study considered their options extensively before reaching a decision, with some waiting until after delivery (control group) before making their decision. In such cases, the outcome for the baby was their focus in making their decision. Our clinical observations suggest that, compared with reports from Europe and the USA, Chinese neonates with omphalocele are more likely to develop an infection, more likely to develop septicaemia and more likely to die. Five patients in the control group in the present study developed signs of infection, despite being managed by prophylactic antibiotics during the delivery-to-repair period. Of these, two died due to sepsis. In contrast, none of the patients in the IR group developed an infection.
For the Chinese neonates with isolated omphalocele in the present study, short-term outcome for those undergoing IR was better than for those treated by traditional repair. Neonates treated by IR had shorter duration of surgery, shorter time on total parenteral nutrition, shorter time to total enteral nutrition, shorter lengths of NICU and hospital stay, and lower incidence of infection. Consequently, IR decreased the burden on the parents, both emotionally and economically. The use of IR therapy for omphalocele, therefore, appears to be feasible and has a good safety profile. Thus, omphalocele can potentially be cured by a simple procedure with a good prognosis in China.
The present study has shown that the timing of omphalocele repair, rather than the place of repair, is important. As both groups underwent surgery without being taken from the delivery room, the better short-term outcomes associated with IR were principally attributed to the shorter deliveryto-repair period, which avoided rupture of the gastrointestinal tract and exposure to infection-causing organisms. Early surgery is associated with less intestinal bulging, which benefits abdominal wall closure. In traditional therapy, rupture of the gastrointestinal tract of the neonate can be caused by crying. After replacing the internal organs and repairing the abdominal wall, pressure in the abdominal cavity immediately increases. Movement of the diaphragm is also limited, which can affect breathing and delay oral intake of food. In IR therapy, neonates receive a trachea cannula with laryngoscope immediately after delivery and surgery is performed on another operating table soon after omphalotomy. Such management can avoid rupture of the gastrointestinal tract due to crying, primarily by reducing the amount of gastrointestinal air. These factors greatly reduce abdominal pressure and breathing difficulties and shorten duration of surgery, which help to reduce the lengths of NICU and hospital stay and decrease the number of days of parenteral alimentation.
Early surgery is associated with earlier reversal of the pathophysiological status. There is a layer of thin, fragile, transparent membrane on the surface of the protruding organs in an omphalocele. Contact with air after birth and a deficient blood supply leads to the membrane becoming muddy, dry, fragile and gradually necrotic, and it ultimately loses its function as a barrier against infection. With a section of bowel uncovered, the bowel wall becomes increasingly oedematous and a fibrinous coating increasingly accumulates. Undertaking IR of the omphalocele shortens the time that the membranes on the surface of the protruding organs are exposed. The short time interval between delivery and repair surgery and keeping the baby within a sterile surgical area until the repair is complete minimizes the risk of infection in IR omphalocele cases.
Carrying out IR may alleviate the emotional and economic burdens of the parents, and reduce scar formation in the infant. 15 Umbilical cord blood collected during caesarean section can be also retransfused, if required, without transfusion reactions, which helps to simplify preoperative preparation.
There were some limitations to the present study, particularly the low study numbers. Because the incidence of congenital omphalocele in China is only 15.2 cases per 100 000 live births, only eight cases were included in each study group, and the small sample size may have limited the statistical power of the study. A larger study is in progress to ascertain the validity of these preliminary findings, particularly focusing on the reasons for the lower infection rate.
The long-term outcome of babies with isolated congenital omphalocele in Europe is reported to be good. 18 Although the present study focused on the short-term outcomes of • Received for publication 1 June 2011 • Accepted subject to revision 29 July 2011
• Revised accepted 23 October 2011 Copyright © 2011 Field House Publishing LLP neonates, these children will be followed to ascertain their long-term health outcomes.
In conclusion, despite a small number of cases, the present study showed the benefits of IR for Chinese neonates with omphalocele. It is hoped that this will help to improve the confidence of Chinese clinicians to conduct IR and persuade parents to cooperate with IR therapy.
